INVESTIGATIONS OF THE CAPABILITY OF FUSARIUM ISOLATES FROM CORN FOR BIOSYNTHESIS OF FUSARIOTOXINS
ABSTRACT: The aim of this paper was to investigate the potential of zearalenone (ZEN), and type A trichothecenes (T-2 toxin and diacetoxyscirpenole -DAS) for biosynthesis by Fusarium spp. isolated from corn kernels contaminated by mycotoxins.
The samples of corn kernels (2004 and 2005 harvest) originating in different regions of Baåka (Vojvodina, Serbia) were tested. Mycotoxicological investigations showed in most cases a significant contamination with deoxynivalenol (DON 200 -2,460 mg/kg) and ZEA (520 -1,680 mg /kg).
Isolations and identifications of fusaria established only the presence of species F. verticillioides, after one month storage in freezer conditions, in fusariotoxin positive samples. The control cultures known as ZEA producers -F. graminearum GZ-LES, i.e. T-2 toxin and DAS producer -F. sporotrichioides KF-38/1/R were also tested. In vitro toxicological investigations of isolated fusaria were performed in liquid semisynthetic media (GPK or SPK), and on wet sterilized corn kernels, respectively.
Under testing conditions, analyzed F. verticillioide and F. sporotrishioides isolates were not ZEA producers. Contrary to them, F. graminearum GZ-LES pure culture was very good producer of fusariotoxins; it biosynthesized max. 465,900 mg/kg DON, and 4,416 mg/kg ZEA, respectively.
Cultivation conditions influenced a great deal of T-2 toxin production under laboratory conditions. In most cases, higher yields were obtained during the cultivation of F. verticillioides in liquid glucose medium (80-240 mg/L). Contrary to the control strain F. sporotrichioides KF-38/1/R that under the same conditions synthesized, besides T-2 toxin (4.000 mg/L) and DAS (240 mg/L), isolates of F. verticillioides from corn grain did not show that ability.
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INTRODUCTION
Corn is predominantly attacked by Fusarium graminearum, F. verticillioides, F. proliferatum and F. subglutinans (D o o h a n et al., 2003) . These representatives of Fusarium genus differ in their climatic distribution, optimal conditions for growth and toxin production, as well as in pathogenicity to different cerealia. Several Fusarium species known as causal agents of corn ear rot are capable to biosynthesize toxic metabolites in infected kernels, some of which have notable impact on human and animal health. Zearalenone (ZEA) and deoxynivalenol (DON) are commonly found in red ear rot of corn, a disease essentially caused by species of Discolor section, usually F. graminearum (L o g r i e c o et al., 2002). Diacetoxyscirpenol (DAS) and T-2 toxin are mainly associated with the presence of representatives of Sporotrichiella section F. poae and F. sporotrichioides. According to the data presented by M a r as a s et al. (1984) F. verticillioides can also biosynthesize ZEA, DAS and T-2 toksin, although these authors regarded them as unlikely.
MATERIAL AND METHODS

Fungal cultures. Four F. verticillioides isolates from corn grains of 2004
and 2005 harvest were investigated (Table 1) . Isolations were performed from coarse corn grain after one month of storage in freezer conditions. Coarsed material was placed on the surface of Petri dish (10 cm diameter), on potato dextrose agar supplemented with straeptomycin sulphate (500 mg/L) (PDAS), and incubated at room temperature (23-26°C) for 7 days. Grown fungal colonies, were purified by the method of obtaining monosporous colonies which were further on used for the identification of Fusarium spp. Determination of the obtained species was done according to N e l s o n et al. (1983) , and confirmed by dr J. L e v i ã (Maize Research Institute "Zemun Polje", BelgradeZemun). The obtained isolates were afterwards kept on PDA slants at 4°C, until in vitro investigation of their toxigenic potential was not performed in liquid culture.
Control isolates. Fusarium cultures, known as fusariotoxin producers, were also under present investigation: 1) Fusarium graminearum GZ-LES producer of ZEA, according to B o å a r o v -S t a n å i ã et al. (1986) , and 2) F. sporotrichioides KF-38/1/R reisolate of original strain known as T-2 toxin and DAS producer (M a š i ã et al. , 1997) . Stock cultures of the fungi were maintained on potato dextrose agar at 4°C.
Conditions for toxin production. 1) Control isolates Fusarium graminearum GZ-LES and F. sporotrichioides KF-38/1/R were cultivated on naturaly dried corn grain (hybrid NS-444, locality Stajiãevo -Vojvodina) with 53.12% of initial moisture. Substrate inoculation (250 g) in flasks (1750 ml) was performed with fungal fragments cultivated for 7 days at 26 ± 1°C in PDA Petri dishes (1/2 of the fungal growth, 10 cm in diameter). Cultivation was performed in darkness at 30 ± 1°C for 35 days. 2) All F. verticilioides isolates, as well as both control cultures, were parallely grown in GPY liquid medium (5% of glucose + 0.1% of peptone + 0.1% of yeast extract) pH 5.8; and SPY medium (5% of saccharose + 0.1% of peptone + 0.1% of yeast extract) pH 6.5 respectively. Media were poured in Erlenmeyer flasks (500 ml) in volume of 100 ml each (A), or 250 ml each (B), and sowed with 5 fragments (5 x 5 mm) of fungus cultivated on PDA in Petri dishe at 26 ± 1°C for 7 days. After inoculation, Erlenmeyer flasks were cultivated on rotary shaker under submerged conditions (180 revolutions per min-rpm) at room temperature (23-26°C). Fusarium graminearum GZ-LES was also cultivated under stacionary conditions in 100/500 ml GPY for 13 days at room temperature (23-26°C) (C).
Determination of fusariotoxins. 1) After cultivation on corn grains, the samples were dried for 24 h or more at 60°C, until constant weight was not achieved. After pulverization of dried samples, DON determination was done according to A b r a m o v i ã et al. (2005), and ZEA by the use of multitoxin method applied by B a l z e r et al. (1978) . Type A trichothecenes were isolated and purified according to the method of R o m e r et al. (1978) . Thin layer chromatography of ZEA, T-2 toxin and DAS was was done according to P ep e l j n j a k and B a b i ã (1991).
2) After cultivation on rotary shaker, liquid cultures were filtered. Qualitative and quantitative ZEA determination in filtrates of Fusarium cultures was carried out by applying multitoxin thin layer chromatographic method of C v e t n i ã et al. (2005) . Crude extracts of type A trichothecenes (DAS i T-2 toxin) were obtained by the use of ethyl acetate. Further purification was done by the method of R o m e r et al. (1978) . Thin layer chromatography was performed according to P e p e l j n j a k and B a b i ã (1991) with toluole/ethyl acetate/formic acid developing solvent (5:4:1, v/v/v).
RESULTS AND DISCUSSION
Results of the present investigations are shown in Tables 1-4. Tab. 1 -Presence of deoxynivalenole (DON) and zearalenone (ZEA) in samples of corn kernels (harvest 2004 and 2005 The results obtained during cultivation of the control strains F. graminearum GZ-LES and F. spototrichioides KF-38/1/R on natural solid substrate at 30°C are shown in are Table 2 . Corn kernels used as the substrate for in vitro investigations of toxin production were not contaminated with fusariotoxins. Isolate F. graminearum produced only type B trichothecene (DON) and ZEA in that conditions. During prolongated cultivation, the yield of ZEA increased from 220 mg/kg after 17 days to 4,416 mg/kg after 35 days. The obtained results are in accordance with the previously quoted opinion of L e w (1995). F. sporotrichioides KF-38/1/R biosynthesized only type A trichothecenes after 35 days on wet sterilized corn grain substrate (1,600 mg/kg DAS, and 2,400 mg/kg T-2 toxin, respectively). These results are in accordance with the data presented by M a r a s a s et al. (1985) concerning toxigenic potential of Fusarium spp., as well as with data concerning optimal temperature conditions for the production of fusariotoxins presented by other authors. B o å a r o v -S t a n -å i ã et al. (1986) 
On the basis of the results presented in Table 1 , high concentrations of DON and ZEA, it should be expected that one can isolate from these corn kernels mainly species F. culmorum or F. graminearum which are, according to the literature data, the best producers of the same mycotoxins (M a r a s a s et al., 1984). However, having in mind storage conditions of the samples and low viability of F. graminearum conidia in the first place, as well as higher viability of conidia of other fusaria pathogenic to corn (D o o h a n et al., 2003), it is not so surprising that F. verticillioides was obtained solely. pH value. During submerged cultivation (Tables 3 and 4) , with the exception of the control isolate F. graminearum GZ-LES, the pH value decrease was observed in all other liquid cultures after incubation. In both cases of liquid media (GPY/SPY) more outstanding changes of the same paramether were noted in higher volume of fermentation media (250/500 ml).
ZEA biosynthesis. Although C v e t n i ã et al. (2005) found that some F. verticillioides isolates from agricultural regions of Croatia can produce ZEA, during our investigation the production of this fusariotoxin was noted only in liquid GPY culture of F. graminearum (Table 3 ), but in much lower quantities than during incubation on the natural solid substrate (37 and 75 mg/L, and 220 and 4,659 mg/kg, respectively) ( Tables 2 and 3 ). Higher yield of ZEA was obtained during stationary cultivation in the liquid medium of the same composition. Last result is in accordance with our previous investigations of different liquid nutrient media (B o å a r o v -S t a n å i ã and Š k r i n j a r, 1995).
DAS biosynthesis. It was not recorded in any of the tested F. verticillioides isolates, but was found in liquid GPY culture of the control isolate F. sporotrichioides KF-38/1/R -240 mg/L (Table 3) . Although again, much lower yields of DAS were achieved in liquid medium than on sterilized corn grains (Tables 2 and 3 ), the period of incubation was much shorter (3 days in comparison with 35 days). That fact can become a great advantage in the case of screening toxicity of a large number of Fusarium spp. under laboratory conditions.
T-2 toxin biosynthesis. It was observed (Tables 3 and 4) , besides control strain F. sporotrichioides KF-38/1/R, in all tested F. verticillioides isolates from corn (80 do 240 mg/l in GPY, and 80-120 mg/l in SPY, respectively). In the last case, found concentrations were rather low, i.e. near the detection limit. During submerged cultivation in both liquid media in 75% of the tested cases, higher yields of this type A trichothecene were achieved under the conditions of smaller aeration (250/500 mL). An exception was the isolate N003/06 that produced more T-2 toxin during cultivation in higher aeration conditions (Tables 3 and 4 ). The obtained results are in accordance with the investigation of M a š i ã et al. (1997) . These authors recorded, with one F. verticillioides isolate from corn grains, T-2 toxin biosynthesis (500 mg/L) under similar laboratory conditions.
Influence of the sugar type. Eighty percentages of the tested isolates, including the control one KF-38/1/R, regardless of volume of fermentation medium, achieved higher yields of T-2 toxin in glucose medium GPY (80 -4,000 mg/L) than in sucrose medium SPY (80 -160 mg/L). In contrast to our findings, U e n o et al. (1975) didn't observe the same influence of sugar type during cultivation of other fusaria in the liquid media with the same composition.
On the basis of the presented results it can be concluded that isolates of F. verticillioides originating from Vojvodina possess weak potential for T-2 toxin production. During submerged cultivation of these isolates in liquid media (GPY and SPY) all 4 tested F. verticillioides cultures biosynthesized T-2 toxin (80 -240 mg/L), as well as the control strain F. sporotrichioides KF-38/1/R.
Production of DAS and ZEA was not observed with F. verticillioides isolates, but it was with control cultures F. graminearum (ZEA) and F. sporotrichioides (DAS) during cultivation in the same liquid media (GPY and SPY).
The influence of glucose, as sugar source, was more favourable than saccharose on T-2 toxin biosynthesis in most (80%) of the tested samples.
After 35 days of cultivation on solid natural substrate, the control strain F. graminearum GZ-LES produced high DON (469,900 mg/kg) and ZEA (4,416 mg/kg) quantities. Under the same cultivation conditions another control isolate F. sporotrichioides KF-38/1/R, biosynthesized only type A trichothecenes (1,600 mg/kg DAS, and 2,400 mg/kg T-2 toxin, respectively).
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